Document made available under the 
Patent Cooperation Treaty (PCT) 

International application number: PCT/GB05/000368 
International filing date: 02 February 2005 (02.02.2005) 



Document type: Certified copy of priority document 

Document details: Country/Office: GB 

Number: 0402412.1 

Filing date: 04 February 2004 (04.02.2004) 



Date of receipt at the International Bureau: 04 April 2005 (04.04.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 





rr^X PCT/GB 200W0O 0 3 68 

• Patent • f % 

I Office | 3 6 e W 

^ . T^PCVGB 200^ / 0 0 n^HSXORINPHOPLH 

The Patent Office 
Concept House 
CardifFRoad 
Newport 
South Wales 
NP10 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) of 
the Deregulation and Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that the attached document is a printed office copy of the 
specification in respect of which the patent was granted on the application identified therein. 

I also certify that subject to the payment of the prescribed renewal fees, the patent will remain in 
force for a period of twenty years from the date of the filing of the application. 

I further certify that attached hereto is a true copy of the entries made to date in the Register of 
Patents in respect of the patent which is in force. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named in 
this certificate and any accompanying documents has been re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re-registration 
save for the substitution as, or the inclusion as, the last part of the name of the words "public 
limited company" or their equivalents in Welsh, references to the name of the company in this 
certificate and any accompanying documents shall be treated as references to the name with which 
it is so re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by pic., pic, 
P.L.C. or PLC. 



Re-Registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 





Signed 



Dated 23 February 2005 



An Executive Agency of the Department of Trade and Industry 




Patents Form 



( its Act 1977 
U-<e 16) 



Request fo r grantW^^BtT 



See the notes on tlic hack of this form. You can also get an 
explanatory leaflet from the Patent Office to help you fill in 
this form) 



The 



1 fSi PATENT OFRCEf ftfe 
A ^Office 

-* FEB 2004 



0 4 FEB 20Qi 



The Patent Office 

Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



1. Your reference 



P0917 



2. Patent application number 

(The Patent Office will Ml in this p< 



0402412.1 



3. Full name, address and postcode of the or of 
each applicant (underline all surnames) 



Patents ADP number (if you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 



Ceramaspeed Limited 
Zortech Avenue 
Oldington 
Kidderminster 
Worcestershire DY1 1 7DY 

United Kingdom 



4. Title of the invention 



TEMPERATURE SENSOR ASSEMBLY 



5. Name of your agent (if you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 

(including the postcode) 



Derek Jackson Associates 

The Old Yard 
Lower Town 
Claines 

Worcester WR3 7RY 



Patents ADP number (if you know it) 



cT^3 GO cj t ( oo^_ 



6. If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 



Country Priority application number 

(if you know it) 



Date of filing 
, (day /month /year) 



If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



Number of earlier application 



Date of filing 
(day / month /year) 



Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer 'Yes' if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an ' 
applicant, or 

c) any named applicant is a corporate body. , 
See note (d)) 



Yes 



Patents Form 1/77 



Patents Form 1/77 



£ inter the number of sheets for any of the 
following items you are filing with this form. 
Do not count copies of the same document 



Continuation sheets of this form 



Description 


25 




Claim (s) 
Abstract 


9 

2 - 




Drawing^ 


rr X tZ 
5 




10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 






Translations of priority documents 


— 




Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 


— 


• 


Request for preliminary examination 
and search (Patents Form 9/77) 


1 




Request for substantive examination 

(Patents Form 10/77) 


- 




Any other documents 

(please specify) 






11. 


I/We requestjhg 


_gca»£s£a paj^rffon the basis of this application. 




Signature \yS 


Date 

^ 3 February 2004 


12. Name and daytime telephone number of 
person to contact in the United Kingdom 


Derek Jackson 


-01905 755180 



Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 08459 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant part(s). Any continuation sheet should be . 
attached to this form. 

d) If you have answered 'Yes ' Patents Form 7/77 will need to be filed. 

e) Once you have filled in the form you must -remember to sign and date it 

f) For details of the fee and ways to pay please contact the Patent Office. 



Patents Form 1/77 




TEMPERATURE . SENSOR ASSEMBLY 



This invention relates to a temperature sensor assembly 
for use with an electrical heating arrangement in a 
5 cooking appliance, in which a cooking plate, such as of 
glass-ceramic material, has an upper surface for 
receiving a cooking utensil and a lower surface having 
supported in contact therewith an electric heater 
incorporating at least one electric heating element. 

10 

It is known to provide an electrical heating arrangement 
for a cooking appliance in which a temperature sensing 
device is arranged under a glass-ceramic cooking plate, in 
order to monitor the temperature of a cavity between a 

15 heating element of an electric heater and an underside of 
the glass-ceramic plate, whereby to monitor the 
temperature of the ~ glass-ceramic plate and to operate to 
control energising of the heating element, particularly 
to ensure that the temperature of the glass-ceramic plate 

20 does not exceed a safe limit value. Such a temperature 
sensing device is known to comprise a temperature- 
sensitive electrical resistance element supported on a- 
suitable substrate and arranged to be subjected to direct 
thermal radiation from the heating element. 



25 



- 2 - 

A different 'requirement relates— to- the sensing of 
temperature of a cooking- utensil located on the upper 
surface of a cooking plate, using a temperature sensing 
device provided underneath the cooking plate. Here it is 
5 required to be able to measure small changes in 
temperature in the cooking plate overlying the 
temperature sensing device and good thermal coupling is 
required between the temperature sensing device and the 
cooking plate. However, if the temperature sensing 
10 device also receives direct thermal radiation from the 
heating element in the underlying heater, this makes it 
difficult to distinguish small changes in temperature of 
the cooking plate associated with the . overlying cooking - 
utensil . 

15 

It is known to provide what is referred to as a ^cool 
patch' of a glass-ceramic cooking plate within a heated 
area by an arrangement in which a discrete temperature 
• sensing device surrounded by a thermally insulating 

20 enclosure is urged directly against a region of the lower 
surface of the cooking plate, to sense a change in 
temperature of the cooking plate produced by an overlying 
cooking utensil conducting heat back into the cooking 
plate in that area.'' Such a discrete temperature sensing 

25 device has been provided of capillary or 

- electromechanical form, or of platinum resistance 



temperature detector form, urged -against the lower . 
surface of the cooking plate, such as by spring loading 
means . 

5 ~ The provision of two separately formed temperature 

sensing devices in an electrical heating arrangement to 
fulfil the two requirements of monitoring cooking utensil 
temperature and cooking plate temperature is cumbersome 
and expensive and it is an object of the present 
10 invention to overcome or minimise this problem. 

According to the present invention there is provided a 
temperature sensor assembly for an electrical heating 
arrangement, the arrangement comprising: a cooking plate 

15 having an upper surface for receiving a cooking utensil, 
and a lower surface; and an electric heater incorporating 
at least one electric heating element, the heater being 
supported in contact with the lower surface of the 
cooking plate, the temperature sensor assembly 

20 comprising: an elongate substantially planar substrate 
adapted to be located in the heater to extend at least 
partially across the heater from a peripheral region at 
least to a central region of the heater, the substrate * 
having an upper surface adapted to be located in contact 

25 with, or in close proximity to, the lower surface of the 
cooking plate, and also having a lower surface, the upper 
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—--and/or lower" surface or surfaces of the sttbs-tEate-bein-g- 

provided with at least one first temperature-sensitive 
electrical resistance -element of film form at a first 
region of the substrate arranged to be proximate the 
5 peripheral region of the heater, the upper and/or lower 
surface or surfaces of the substrate being- provided with 
at least one second temperature-sensitive electrical 
resistance element of film form at a second region of the 
substrate arranged to be proximate the central region of 
10 the heater, the first and second temperature-sensitive 
electrical resistance elements being provided with 
electrical connecting leads adapted for electrical 
connection to external control circuit means for the 
heater; at least one support member secured to the 
15 substrate and underlying at least the first region of the 
substrate; and thermal insulation means interposed 
between at least the lower surface of the substrate and 
the at least one support member substantially only at the 
first region of the substrate. 

20 

The thermal insulation means may be adapted to shield the 
at least one first temperature-sensitive electrical 
resistance element and a region of the cooking plate 
overlying the at least one first temperature-sensitive 
25 electrical resistance element, from direct thermal 

• radiation from the at least one electric heating element. 
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- ■ -The- at least one first, temperature-sensitive electrical 
resistance element may be arranged for monitoring 
temperature of the cooking utensil through the cooking 
plate . 

5 

The at least one second temperature-sensitive electricaJ 
resistance element may be arranged for monitoring 
temperature of the lower surface of the cooking plate. 

10 At least two second temperature-sensitive electrical 

resistance elements may be provided on the upper and/or 
lower surfaces of the substrate. 

The upper surface of the substrate may be adapted to be 
15 arranged at a distance of 0 mm to about 3.5 mm from the 
lower surface of the cooking plate. 

The at least one support member may be arranged of 
channel form for receiving at least the first region of 
20 the substrate and the thermal insulation means. The 

thermal insulation means may be additionally interposed 
between the at least one support member and one or more 
side edges of the substrate at the first region of the' 
substrate . 

25 



- The' t'frexmal insulatioh>-ffieans- may comprise a--tfein-layer- <f£ m 
microporous thermal insulation material and/or 
alternative thermal insulation material. Suitable' 
alternative thermal insulation material may be selected 
from vermiculite, perlite, mineral fibres, .calcium 
silicate and inorganic foam, and mixtures thereof. 

The thermal insulation means may be provided with a 
thickness thereof of from 1 mm to 10 mm, and preferably 
of from 2' mm to 4 mm, between the substrate and the at 
least one support member. 

The first and second- regions of the substrate may be 
provided of substantially the same width or the second 
region of the substrate may be provided of narrower width 
than the first region of the substrate. 

A single support member may be arranged to underlie both 
the first and second regions of the substrate. In this 
case, the support member may be provided with one or more 
apertures at one or more regions thereof underlying the 
second region of the substrate, and/or may be provided 
with a coating of a material of high thermal emissivity, 
whereby exposure of the second region of the substrate to 
the effect of thermal radiation from the at least one 
electric heating element of the heater is maximised. 
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Alternatively, separate/ support member^ may be .provided 
for the first and second regions of the substrate. 

The at least one support member may comprise ceramic 
5 and/or metal . 

Means may be provided to reduce or minimise thermal 
conduction along the substrate from the second region 
thereof to the first region thereof- Such means may 
10 comprise providing the substrate of small cross-sectional 
area, and/or providing the substrate with one or more 
apertures therethrough at a location intermediate the 
first and second regions thereof and/or providing the 
substrate of low thermal conductivity. 

15 

The substrate may comprise alumina, such as of 87 to 99 
percent purity, steatite, forsterite, glass-ceramic, 
fused silica, celsian, aluminium titanate, cordierite, 
zirconia, alumina-zirconia blends, reaction bonded 
20 silicon nitride, or a thin metal strip such as of 

stainless steel, provided with a coating of a dielectric 
material. 

The substrate may have a thickness from about 0.25 mm to 
25 about 3 mm and preferably from about 0 . 5 mm to about 1 
- mm . 



X 
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---Tfre : " -substrate and- tfte-^stipp'SYt- member may '-be".- adapted :>£,.Q~ r - 
extend outwardly from the heater at a periphery of the 
heater and to be secured to the heater at the periphery 
of the heater, such' as by means of a mounting bracket, 

5 which may comprise stainless steel, plated mild steel or 
a high temperature resistant plastics material,- The 
mounting bracket may be adapted and arranged to bias the 
substrate towards the lower surface of the cooking plate. 
For this purpose, the mounting bracket may be of - 
10 cantilevered or spring-loaded form. 

The electrical connecting leads for the first and second 
temperature-sensitive electrical resistance elements may 
be of film form on the substrate and extending to an end 
of the substrate arranged for location at a periphery of 
the heater. Such film-form electrical connecting leads 
may be provided with electrical terminal means, adapted 
for electrical connection to external electrically 
conducting leads leading to the external control circuit 
means . 

The electrical connecting leads of film form may comprise 
substantially the same or similar material as the 
temperature-sensitive electrical resistance elements . 



15 f 
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-• .-The- temperature- sensitive electrical-' resistance, elements. 
may comprise platinum. 

One or more electrically insulating or passivation layers 
5 may be provided on the upper and/or lower surface or 

surfaces of the substrate at least overlying the at least 
one first and/or the at least one second temperature- 
sensitive electrical resistance element or elements. 

10 The substrate may be secured to the at least one support 
member by rivets, bolts or pins. 

The cooking plate may comprise glass-ceramic material. 

15 By means of the present invention, a compact, unitary and 
economically-manufactured temperature sensor assembly is 
provided. First and second film-form temperature- 
sensitive electrical resistance elements are provided on 
a single elongate substrate and adapted such that, when 

20 the assembly is installed in an electrical heating 
arrangement comprising an electric heater and an 
overlying cooking plate, the first temperature-sensitive 
electrical resistance element is arranged to monitor 
temperature of a cooking utensil on the cooking plate, 

25 while the second temperature-sensitive electrical 

resistance element is arranged to monitor temperature of 



'-the cooking ^pl-at-e when -exposed to radiation- >-v<&?eteri*a — « 

heating element in the heater. The first temperature- 
sensitive electrical resistance element is shielded by 
thermal insulation means from direct radiation from the 
heating element in the 'heater. 

For a better understanding of the present invention and 
to show more clearly how it may be carried into effect, 
reference will now be made, by way of example, to the 
accompanying drawings in which: 

Figure 1 is a plan view of an electrical heating 
arrangement provided with a temperature sensor assembly . 
according to the present invention; 

Figure 2 is a cross-sectional view of the arrangement of 
Figure 1; 

Figure 3A is a perspective view of an embodiment of a 
temperature sensor assembly of, the present invention for 
use in the arrangement of Figures 1 and 2; 

Figure 3B is an exploded view of the temperature sensor " 
assembly of Figure 3A; 
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Figure 3C Ls -a -detai!-~of ...pax-tn.of an .alternative suppoxt 
member arrangement in the assembly of Figure 3A, showing 
an opening in a lower face thereof; 

5 Figure 4 is a plan view of an alternative form of 

elongate substrate for use in the temperature sensor 
assembly of Figures 3A, 3B and 3C; and 

Figure 5 is a side elevational view of an alternative 
10 form of temperature sensor assembly. 

Referring to Figures 1 and 2, an electrical heating 
arrangement 2 comprises a glass-ceramic cooking plate 4 . 
of well-known form, having an upper surface 6 for 

15 receiving a cooking utensil 8, such as a pan. A lower 

surface 10 of the cooking plate 4 has an electric heater 
12 supported in contact therewith. The electric heater 
12 comprises a dish-like support 14, such as of metal, in 
which is provided a base layer 16 of thermal and 

20 electrical insulation material, such as microporous 

thermal and electrical insulation material. A peripheral 
wall 18 of thermal insulation material is arranged to 
contact the lower surface 10 of the cooking plate 4. 

25 .At least one radiant electrical resistance heating 

element 20 is supported relative to the base layer 16. 



J 

- 12 - 

The hea-bing 'el£ffi%nt ~oiz~ eiement s^can comprise any of- the.--^'^ 
well-known forms of heating element, such as wire, 
ribbon, foil or lamp forms, or combinations thereof =, In 
particular, the heating element or elements 20 can be of 
5 corrugated ribbon form, supported edgewise on the base 
layer 16 of insulation material. 

It is to be understood, however, that the present 
invention is not limited to a heater incorporating at 
10 least one radiant electrical resistance heating element 

20. Instead of the radiant electrical resistance heating 
element or elements, at least one electrical induction 
heating element could be provided. 

15 A terminal block 22 is provided at an edge region of the 
heater 12, for connecting the heating element or elements 
20 to a power supply 24 by way of leads 26 and through a 
control means 28, which may be a microprocessor-based 
control arrangement . 

20 

A temperature sensor assembly 30 is provided in the 
heater 12 and as shown in detail in Figures 3A and 3B . 
The temperature sensor assembly 30 comprises a thin 
elongate substantially planar substrate 32, which is 
25 adapted to be located in the heater 12 to extend at least 
partially across the heater from a peripheral region. 34 
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of th-e.-heater at least to a .central region. 3 6 of- the. 
heater. If required, the substrate 32 could be arranged 
to extend substantially completely across the heater. 
The substrate 32 has an upper surface 38 adapted to. be 
5 located in contact with, or in close proximity to, the 
lower surface 10 of the cooking plate 4. Although the 
upper surface 38 of the substrate 32 is advantageously 
arranged to be located in contact with the lower surface 
10 of the cooking plate 4, it may be located a small 
10 distance therefrom, for example up to about 3 . 5 mm 
therefrom. 

The upper surface 38 of the substrate 32. is provided with 
a first temperature-sensitive electrical resistance 

15 element 40 of film form at a first region 42 of the 
substrate 32, which is arranged to be proximate the 
peripheral region 34 of the heater 12. The first 
temperature-sensitive electrical resistance element 40 
suitably comprises platinum. If desired, more than one 

20 first temperature-sensitive electrical resistance element 
4 0 may be provided. 

Film-form electrical connecting leads 44, 46, suitably of 
substantially the same or similar material as the 
25 resistance element 40, are provided on the upper surface 



'-'-'^IW^o£- -the' * s^str-ate 3 2 -aHd^'fexten^iig-'^^-t^rmin-al: regions. 
48, 50 at an end 52 of the substrate 32. 

■ Instead of or additional to the first temperature- 
5 sensitive electrical resistance element 40 provided on 
the upper surface 38 of the substrate 32, a first 
temperature-sensitive electrical resistance element could 
be provided on a lower surface 66 of the substrate 32. 
In this case, film-form electrical connecting leads 
0 similar to connecting leads 44 and 46 would be provided 
extending along the lower surface 66 of the substrate 32 
from the resistance element to terminal regions at the 
end 52 of the substrate 32. 

A second temperature-sensitive electrical resistance 
element 54 of film form, and suitably comprising 
platinum, is provided on the upper surface 38 of the 
substrate 32 at a second region 56 of the substrate, 
which is arranged to be proximate the central region "36 
of the heater 12. Film-form electrical connecting leads 
58, 60, suitably of substantially the same or similar 
material as the resistance element 54, are provided on 
the upper surface 38 of the substrate 32 and extending to 
terminal regions 62, 64 at the end 52 of the substrate 
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•■ - Instead of or additional to the second temp.erat.ure---- 
sensitive electrical resistance element 54 provided on 
the upper surface 38 of the substrate 32, a second 
temperature-sensitive electrical resistance element- 54A 
5 could be provided on a lower surface 66 of the substrate 
32. In this case, film-form electrical connecting leads 
similar to connecting leads 58 and 60 would be provided 
extending along the lower surface 66 of the substrate 32 
from the resistance element 54A to terminal regions at 

10 the end 52 of the substrate 32. 

Two or more second temperature-sensitive electrical 
resistance elements 54,.54A, 54B may be provided at the 
second region 56 of the substrate 32, on the upper and/or 
15 lower surface or surfaces thereof, and their changes in 
electrical resistance with temperature arranged to be 
averaged. 

The first and second electrical resistance elements 40, 
20 54 are suitably arranged with a resistance value of 

between 50 and 1000 ohms and preferably between 100 and 
500 ohms, at 0 degrees Celsius. They may be located 
relatively close together or quite widely separated on 
the substrate 32. They may be of thick film form and 
25 deposited on the substrate 32 by screen-printing. 
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— — : 0hef-'dx" J mGre electric ally. insH r lafcing or .passivation-layCTS 
68 may be provided on the upper 38 and/or lower 66 
surfaces of the substrate, at least overlying the first 
40 and/or second 54, 54A, 54B temperature-sensitive 
5 electrical resistance elements. 

A support member 70, preferably of ceramic material such 
as steatite, cordierite or alumina, but optionally of 
metal, is secured to the substrate 32 such that it 
10 extends from- the end 52 of the substrate 32 and underlies 
at least the first region 42 of the substrate 32. The 
support member 70 is of channel form, provided with an 
elongate recess 72 into, which is received the first 
region 42 of the substrate 32. 

15 

Thermal insulation means 74 is provided in the recess 72 
in the support member 70, interposed between the support ' 
member 70 and the lower surface 66 and side edges 76 of 
the first region 42 of the substrate 32. The thermal 
20 insulation means 74- is accordingly confined substantially 
to the first region 42 of the substrate 32 on the surface 
of which the first temperature-sensitive electrical 
resistance element 40 is provided. 

25 The thermal insulation means 74 preferably comprises a 
thin layer of microporous thermal insulation material, 



- 17 - 

.* suitably of a .-thickness- between 1 and., 4 mm and- preferably . 
between 2 and 3 mm. Alternatively or additionally, the 
thermal insulation means 74 could comprise material 
selected from vermiculite, 'perlite, mineral fibres, 
5 calcium silicate and inorganic foam material, and 
mixtures thereof. 

The substrate 32 is suitably secured to the support 
member 70 by one or more pins, bolts or rivets 78. 

10- 

A mounting bracket 80 is provided for the temperature 
sensor assembly. The mounting bracket 80 suitably 
comprises stainless steel or plated mild steel, but may 
optionally comprise a high temperature-withstanding 

15 plastics material. The mounting bracket 80 has a first 
portion 82 arranged with clip means 8 4 securely engaging 
recessed or rebated portions 86 of the support member 70. 
The mounting bracket 80 has a second portion 88 arranged 
to be secured to an outer rim of the dish-like support 14 

20 of the heater 12, by means of a threaded fastener 90 

passing through a hole 92 in the second portion 88 of the 
mounting bracket 80. 

The temperature sensor assembly 30 is installed in the 
25 heater 12 such that it passes through an aperture or 

recess in the peripheral wall 18 of the heater and a rim 
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" ^ — : the ^-di sh-li4ce~«s - The -end • -52* 7oC~-fch ^suBs-fer-ate 

32, with the terminal regions 48, 50, 62, 64, extends 
outwardly from the heater on the support member 70. 

5 The mounting bracket 80 is suitably provided of 

cantilevered form from a single bent sheet or strip of 
metal and such that the substrate 32 is spring-biased 
towards the lower surface 10 of the cooking plate 4. The 
mounting bracket 80 may be constructed to incorporate 
10 alternative spring-loading means. 

The first temperature-sensitive electrical resistance 
element 40 is arranged to be electrically connected to 
the control means 28 by way of electrical leads 94 
15 connected to the terminal regions 48, 50. The second 

temperature-sensitive electrical resistance element 54 is 
arranged to be electrically connected to the control 
means 28 by way of electrical leads 96 connected to the 
terminal regions 62, 64. 

20 

During operation of the electrical heating arrangement 2, 
the first region 42 of the substrate 32, with the first 
temperature-sensitive electrical resistance element 40 
thereon, is- shielded from direct thermal radiation from 
25 the heating element or elements 20 in the heater 12 by 
the- thermal insulation means 74. A region 98 of the 
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glass-ceramic cooking plate 4 immediatelywoverlying. .the 

first region 42 of the substrate 32 is also shielded from 
.the direct thermal radiation from the heating element or 
elements 20. The first temperature-sensitive electrical 
5 resistance element 40 is therefore able to monitor the 
temperature of a cooking utensil 8 located on the upper 
surface 6 of the cooking plate 4, heat being conducted 
from the cooking utensil 8 into the region 98 of the 
cooking plate 4. Small changes in temperature of the 

10 coo'king utensil 8 are therefore able to be monitored by 
the first temperature-sensitive electrical resistance 
element 40 and the resistance element 40 may therefore be 
used in .association with .the control means 28 to provide 
a closed loop autocook operation of the assembly and/or 

15 to detect when an important event, such as a boil-dry 

situation, occurs in the cooking utensil 8, accompanied 
by a small change in temperature. 

The second temperature-sensitive electrical resistance 
20 element 54 on the second region 56 of the substrate 32 
extends from the support member 7 0 and is not provided 
with the thermal insulation means 7 4. . It is therefore 
able to monitor the temperature of the cavity in the 
heater in which it is located and particularly the 
25 temperature of the cooking plate 4 adjacent to it and 
which is substantially exposed to direct thermal 
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— -^adia-tion. ^f rom--t;h^,.-he:a^^ 2.Q- ... Ttus 

close proximity of the second temperature-sensitive 
electrical resistance element 54 to the lower surface 10 
of the cooking plate 4 enables the element 54 to 
5 accurately. and sensitively monitor the temperature of the 
cooking plate 4 . 

It is advantageous to provide the second region 5 6 of the 
substrate 32 of as narrow a width as possible in order to 
10 economise on material of the substrate 32 and also to 

minimise shadowing thereby of the overlying region of the 
cooking plate 4 with respect to radiation from the 
heating element or elements 20. The substrate 32 may 
therefore be formed as shown in Figure 4, in which the 
15 second region 56 thereof on which the second temperature- 
sensitive electrical resistance element 54 is provided is 
of narrower width than the first region 42 thereof on 
which the first temperature-sensitive electrical 
resistance element 40 is provided. Such an arrangement 
20 is particularly preferred when the first temperature- 
sensitive electrical resistance element 40 is relatively 
wide, for example' between about 8 mm and about 20 mm, 
thereby requiring a relatively wide first region 42 of 
the substrate 32. However, if the first resistance 
25 element 40 is relatively narrow, for example between 
about 3 mm and about 8 mm, a substrate. 32 • of 
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sufest^nt.iall.y .constant, width t a long, itsJLength may ,be^, _ 
satisfactorily employed. 



Exposure of the second temperature-sensitive electrical 
5 resistant element 54 directly to the temperature of the 
surrounding cavity in the heater 12 in which it is 
located means that its own temperature will fluctuate 
during operation of the heater, 12. This fluctuation may 
be transmitted along the substrate 32 and detected as 
10 thermal noise by the first temperature-sensitive 

electrical resistance element 40, which is undesirable. 
In order to reduce the magnitude of the heat flow, 
certain features can be incorporated into the design of 
the substrate 32. 

15 

Heat conduction is inversely proportional to the cross- 
section of material perpendicular to the direction of 
heat flow and thus the smaller the cross-sectional area 
of the substrate 32, the lower will be the heat flow, as 
20 given by the following equation: 

q = TC S . A (T H - T c ) /X s 

where : 

q = heat flow 

TC S - thermal conductivity of substrate 
25 a = cross-sectional area of substrate 

T H = temperature of second region 56 of substrate 32 * 
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length of substrate 

A 1 substrate 32 with the thinnest possible cross-section 
5 consistent with adequate mechanical properties is 

therefore preferred. In practice, a suitable thickness 
for the substrate 32 is from about 0.25 mm to about 3 mm 
and preferably from about 0.5 mm to about 1 mm. 

10 Instead of or in addition to providing the substrate 32 
of as thin as possible cross-section, a portion 100 of 
the substrate 32 may be removed at a location between the 
first region 42 and the second region 56, .thereby 
effectively., reducing the cross-sectional area of the 

15 substrate 32 at this location. 



X s = 



An alternative method of reducing heat flow along the 
substrate 32 is to reduce or minimise the thermal 
conductivity of the substrate 32. A preferred material 

20 for the substrate 32 is alumina of 87 to 99 percent 
purity, which is relatively inexpensive, is readily 
available, has good mechanical strength, and has high 
electrical resistivity and dielectric 'strength . Although 
such material has a relatively high thermal conductivity 

25 of 20 to 30 W/m.K at room temperature, its thermal 
conductivity decreases markedly with increasing 
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- .-•.".-.temperature. For examples 95.^p-er-cent .alumiM.i^g.,s • 
thermal conductivity of about 23 W/m.K at a temperature 
of 25 degrees Celsius and this figure gradually reduces 
to about 6 W/m.K at a temperature of 1000 degrees 
5 Celsius. 

Other materials may be employed for the substrate 32, 
which have thermal conductivities of about 5 W/m.K or 
less. Examples of such materials are steatite, 
10 forsterite, glass-ceramics (such as supplied by Corning 
under the trade name Macor) , fused silica, celsian, 
aluminium titanate, cordierite, zirconia, alumina- 
zirconia blends, and low density reaction-bonded silicon 
nitride. 

15 

A metal, such as stainless steel, provided with a 
suitable high temperature-withstanding dielectric 
coat-ing, could be considered for the substrate 32. 
Although such a metal has quite high thermal conductivity 
20 (20 to 25 W/m.K), very thin sections could be adopted, 
thereby reducing heat flow therealong. 

It may be advantageous to provide some mechanical support 
for the second region 56 of the substrate 32. For this 
25 purpose a support member 102 may be provided, which may 
be of channel form and which may form an integral 
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therefrom. No thermal insulation means is provided in 
association with the support member 102, in contrast to 
: the support member 70. The support member 102 preferably 
5 comprises a material of high thermal emissivity in order 
to ensure rapid thermal response of the second 
temperature-sensitive electrical resistance element 54 to 
changes in temperature of its surroundings . A support 
member 102. of thin ceramic material would be 
10 satisfactory, although a metal support member 102 , such 
as of stainless steel, could be used if coated with a 
layer of high-emissivity material. 

As shown in Figure 3C, one or more apertures 104 is or 
15 are advantageously provided in a base region of the 

support member 102, underlying the second temperature- 
sensitive electrical resistance element 54, to assist 
rapid response of such element 54 to changes in 
temperature of the surroundings. 

20 

As shown in Figure 5, it may be desirable to provide a 
spacer 106 or to form the passivation layer of greater 
thickness over the second temperature-sensitive 
electrical resistance element 40. .While the principal 
25 reason for providing the passivation layer and/or the 
spacer 106 is to electrically decouple the resistance 
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..-elements 40, ...54 from the....cooking. plate 4 its presence . ,. 
above the substrate 32 also effectively spaces the second 
temperature-sensitive electrical resistance element 54. 
(and consequently the first temperature-sensitive • 
5 electrical resistance element 40) from the cooking plate 
4 . 

The provision of spacing means, either in the form of 
greater thickness or in the form of a spacer 106, can be 
10 used to adjust the response of one or both of the first 
and second temperature-sensitive electrical resistance 
elements 40, 54 and/or to improve electrical safety. The 
spacer 106 may have a thickness in the range from about 
0.25 mm to about 3.5 mm. 
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1. A temperature sensor assembly for an electrical 
heating arrangement, the arrangement comprising: a 
5 cooking plate having an upper surface for receiving a 
cooking utensil, and a lower surface; and an electric 
heater incorporating at least one electric heating 
element, f the heater being supported in contact with the 
lower surface of the cooking plate, the temperature 

10 sensor comprising: an elongate substantially planar 

substrate adapted to be located in the heater to extend 
at least partially across the heater from a peripheral 
region at least to a central region of the heater, the 
substrate having an upper surface adapted to be located 

15 in contact with, or in close proximity to, the lower 

surface of the cooking plate, and also a having a lower 
surface, the upper and/or lower surface or surfaces of 
the substrate being provided with at least one first 
temperature-sensitive electrical resistance element of 

20 film form at a first region of the substrate arranged to 
be proximate the peripheral region of the heater, the 
upper and/or lower surface or surfaces of the substrate 
being provided with at least one second temperature- 
sensitive electrical resistance element of film form at a 

25 second region of the substrate arranged to be proximate 
the central region of the heater, the first and second 
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.-temperatures s.ensi>ti^e^eiectrical...resi; 1 S'ta.nce elements ... . 
being provided with electrical connecting leads adapted 
for electrical connection to external control circuit 
means for the heater; at least one support member secured 
5 to the substrate and underlying at least the first region 
of the substrate; and thermal insulation means interposed 
between at least the lower surface of the substrate and 
the at least one support member substantially only at the 
first region of the substrate. 

10 

2. An assembly as claimed in claim 1, wherein the 
thermal insulation means is adapted to shield the at 
least one first temperature-sensitive electrical 
resistance element and a region of the cooking plate 

15 overlying the at least one first temperature-sensitive 
electrical resistance element, from direct thermal 
radiation from the at least one electric heating element. 

3. An assembly as claimed in claim 1 or 2, wherein the 
20 at least one first temperature-sensitive electrical 

resistance element is arranged for monitoring temperature 
of the cooking utensil through the cooking plate. 

4. An assembly as claimed in claim 1, 2 or 3, wherein 
25 the at least one second temperature-sensitive electrical 
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of the lower surface of the cooking plate. 

5. An assembly as claimed in any preceding claim, 
5 wherein at least two second temperature-sensitive 

electrical resistance elements are provided on the upper 
and/or lower surfaces of the substrate. 

6. An assembly as claimed in any preceding claim, 

10 wherein the upper surface of the substrate is adapted to 
be arranged at a distance of 0 mm to about 3 . 5 mm from 
the lower surface of the cooking plate. 

7. An assembly as claimed in any preceding claim, 

15 wherein the at least one support member is arranged of 
channel form for -receiving at least the first region of 
the substrate and the thermal insulation means. 

8. An assembly as claimed in claim 7, wherein the 
20 thermal insulation means is additionally interposed 

between the at least one support member and one or more 
side edges of the substrate at the first region of the 
substrate . 

25 9. An assembly as claimed in any preceding claim, 

wherein the thermal insulation means comprises a thin 
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....laye.r-.-0'f -micraporous thermal i n sM at io,n- material ..and/ or..-:... 
alternative thermal insulation material. 

10. An assembly as claimed in claim 9,' wherein the ; 
5 alternative insulation material is selected from 

vermiculite, perlite, mineral fibres, calcium silicate 
and inorganic foam, and mixtures thereof. 

11. An assembly as claimed in any preceding claim, 

10 wherein the thermal insulation means is provided with a 
thickness thereof of from 1 mm to 10 mm between the 
substrate and the at least one support member. 

12. An assembly as claimed in claim 11, wherein the 

15 thermal insulation is provided with a thickness of from 2 
mm to 4 mm. 

13. An assembly as claimed in any preceding claim, 
wherein the first and second regions of the substrate are 

20 provided of substantially the same width. 

14. An assembly as claimed in any of claims 1 to 12, 
wherein the second region of" the substrate is" provided of 
narrower width than the first region of the substrate. 

25 



} 
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wherein a single support member is arranged to underlie 
both the first and second regions of the substrate. 

5 16. An assembly as claimed in claim 15, wherein the 

support member is provided with one or more apertures at 
one or more regions thereof underlying the second region 
of the substrate and/or is provided with a coating of a 
material of high thermal emissivity, whereby exposure of 
10 the second region of the substrate to the effect of 

thermal radiation from the at least one electric heating 
element of the heater is maximised. 

17. An assembly as claimed in any of claims 1 to 14, 
15 wherein separate support members are provided for the 

-first and second regions of the substrate. 

18. An assembly as claimed in any preceding claim, 
wherein the at least one support member comprises ceramic 

20 and/or metal. 

19. An assembly as claimed in any preceding claim, 
wherein means is provided to reduce or minimise thermal 
conduction along the substrate from the second region 

25 thereof to the first region thereof. 
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.2CW--- -An .assembly as- claimed, in .claim.- 19, wherein ..the* • ■" 

means comprises providing the substrate of small cross- 
sectional area, and/or providing the substrate with one 
or more apertures therethrough at a location intermediate • 
5 the first and second regions thereof and/or providing the 
substrate of low thermal conductivity. 

21. An assembly as claimed in claim 20, wherein the 
substrate comprises alumina, steatite, forsterite, glass- 
10 ceramic, fused silica, celsian, aluminium titanate, 

cordierite, zirconia, alumina-zirconia blends, reaction 
bonded silicon nitride, or a thin metal strip provided 
with a coating of a dielectric material. 

15 22. An assembly as claimed in claim 21, wherein the 

substrate comprises alumina of 87 to 99 percent purity. 

23. An assembly as claimed in claim 21, wherein the 
substrate comprises stainless steel provided with the 

20 coating of dielectric material. 

24. An assembly as claimed in any preceding claim, 
wherein the substrate has a "thickness from about 0.25 mm 
to about 3 mm. 
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substrate has a thickness from about 0.5 mm to about 1 
mm . 

5 26. An assembly as claimed in any preceding claim, 

wherein the substrate and the support member are adapted 
to extend outwardly from the heater at a periphery of the 
heater and to be secured to the heater at the periphery 
of the heater. ■> 

10 

27. An assembly as claimed in claim 26, wherein the 
support member is secured to the heater by means of a 
mounting bracket. 

15 28. An assembly as claimed in claim 27, wherein the 

mounting bracket comprises stainless steel, plated mild 
steel or a high temperature resistant plastics material. 

29. An assembly as claimed in claim 27 or 28, wherein 
20 the mounting bracket is adapted and arranged to bias the 

substrate towards the lower surface of the cooking plate. 

30. An assembly as claimed in claim 29, wherein the 
mounting bracket is of cantilevered or spring-loaded 

25 form. 
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wherein the electrical connecting leads for the first and 
second temperature-sensitive electrical resistance 
elements are of film form on the substrate and extending 
5 to an end of the substrate arranged for location at a 
periphery of the heater. 

32. An assembly as claimed in claim 31, wherein the 
film-form electrical connecting leads are provided with 

10 electrical terminal means, adapted for electrical 

connection to external electrically conducting leads 
leading to the external control circuit means. 

33. An assembly as claimed in claim 31 or 32, wherein 
15 the electrical connecting leads of film form comprise 

substantially the same or similar material as the 
temperature-sensitive electrical resistance elements . 

34. An assembly as claimed in any preceding claim, 

20 wherein the temperature-sensitive electrical resistance 
elements comprise platinum. 

35. An assembly as claimed in any preceding claim, 
wherein one or more electrically insulating or 

25 passivation layers is or are provided on the upper and/or 
lower surface or surfaces of the substrate at least 
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second temperature-sensitive electrical resistance 
element or elements. 

5 36. An assembly as claimed in any preceding claim, 
wherein the substrate is secured to the at least one 
support member by rivets, bolts or pins. 

37. An assembly as claimed in any preceding claim, 
10 wherein the cooking plate comprises glass-ceramic 

material . 

38. A temperature sensor assembly substantially as 
hereinbefore described with reference to and as shown in 

15 the accompanying drawings . 



39. An electrical heating arrangement provided with a 
temperature sensor assembly as claimed in any preceding 
claim. 
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TEMPERATURE SENSOR ASSEMBLY 

5 A temperature sensor assembly (30) is provided for an 
electrical heating arrangement (2) . The arrangement (2) 
comprises: a cooking plate (4) having an upper surface 
(6) for receiving a cooking utensil (8), and a lower 
surface (10) : and an electric heater (12) incorporating 

10 at least one electric heating element (20) , the heater 
(12) being supported in contact with the lower surface 
(10) of the cooking plate (4) . The temperature sensor 
assembly (30) comprises: an elongate substantially planar 
substrate (32) adapted to be located in the heater (12) 

15 to extend at least partially across the heater from a 

peripheral region (34) at least to a central region (36) 
of the heater (12), the substrate (32) having an upper, 
surface (38) adapted to be located in contact with, or in 
close proximity to, the lower surface (10) of the cooking 

20 plate (4), and also having a lower surface (66). The 
upper and/or lower surface or surfaces (38, 66) of the 
substrate (32) is provided with at least one first 
temperature-sensitive -electrical resistance element (40) 
of film form at a first region (42) of the substrate (.32) 

25 arranged to be proximate the peripheral region (34) of 

the heater. The upper (38) and/or lower (.66) surface or 
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least one second temperature-sensitive electrical - 
resistance element (54/ 54A; 54B) of film form at a 
second region (56) of the substrate (32) arranged 'to be 
5 proximate the central region (36) of the heater. The 
first (40) and second (54; 54A; 54B) temperature- 
sensitive electrical resistance elements are provided 
with electrical connecting leads (44, 46, 58, 60) adapted 
for electrical connection to external control circuit 
10 means (28) for the heater (12) . At least one support 
member (70; 102) is secured to the substrate (32) and 
underlying at least the first region (42) of the 
substrate (32) and thermal insulation means (74) is 
interposed between at least the lower surface (66) of the 
15 substrate (32) and the at least one support member (70) 
substantially only at the first region (42) of the 
substrate (32) . 
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